Cimicifugae Rhizoma, rhizomes of Cimicifuga (C.) simplex WORMSKJORD, C. dahurica (TURCZ) MAXIMMOWICZ, C. foetida LINNE and C. heracleifolia KOMAROV (Ranunculaceae) (The Pharmacopoeia of Japan, 13th ed. supplementary), have been used as an anti-inflammatory, analgesic, and antipyretic agents in traditional Chinese medicine. During a series of chemical investigations of Cimicifuga species, we reported twenty cyclolanostanol glycosides from the aerial parts of C. simplex, [2] [3] [4] [5] [6] [7] and 23-O-acetyl-7,8-didehydroshengmanol 3-Oa-L-arabinopyranoside, 7) cimicifugoside, 8, 9) bugbanosides A and B, 10) and cimiaceroside B 11) from the underground parts of C. simplex. Cimiacerosides A and B have also been isolated from the underground parts of C. acerina, and cimiaceroside A from Actaea (A.) asiatica HARA. 11) Fukiic acid esters, 12) piscidic acid esters, 13) caffeic acid derivatives, phenolic acid derivatives and chromones have also been isolated from C. species. 1) In continuing work, we have now isolated twelve new cyclolanostanol glycosides (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) , and five known cyclolanostanol glycosides (13) (14) (15) (16) (17) from the underground parts of C. simplex. Compound 12 was also obtained from the underground parts of A. asiatica at this time. This paper deals with the isolation and structural elucidation of these glycosides.
Compounds 1-17 were obtained by repeated chromatography of the methanol extract of the underground parts of the plants on octadecyl silanized silicic acid (ODS) and silica-gel (SiO 2 ) columns, followed by HPLC separation (Fig. 1) . Compound 13 was identified by comparison of 1 H-and 13 C-NMR spectral data with reported data as 24-epi-7,8-didehydrocimigenol 3-O-b-D-xylopyranoside, which has been isolated from C. heracleifolia. 7) The 1 H-and 13 C-NMR signals were attributed by using 1 H-1 H correlated spectroscopy, heteronuclear signal quantum coherence, heteronuclear multiple bond connectivity (HMBC), and rotating frame nuclear Overhauser effect (ROE ) difference spectroscopy spectra. Compound 1 was obtained as colorless needles. The molecular formula was determined to be C 37 H 58 O 11 by positive high resolution secondary ion mass spectrometry (pos. HR-SI-MS) and 13 C-NMR. The 1 H-and 13 C-NMR spectra were similar to those of 14, except for the sugar moiety (Tables 1,  2) . On enzymatic hydrolysis, a genuine aglycone (1a) and an artifact (1b) were obtained, and 1a was identified as 24-epi-24-O-acetyl-7,8-didehydrohydroshengmanol by direct comparison with an authentic specimen, and 1b as heracleifolinol by comparison with the reported data. 14) On acid hydrolysis, (Tables 1, 2 ). The ROE experiment and the HMBC spectrum showed the presence of a 3-O-a-L-arabinopyranosyl group. Thus, the structure of 2 was determined to be 24-epi-24-
Compound 3, colorless needles, C 37 H 58 O 11 , and compound 4, colorless powder, C 37 H 58 O 11 , gave D-xylose and L-arabinose on acid hydrolysis, respectively. Their 1 H-and 13 C-NMR spectra were similar to those of 1 and 2, respectively, except for the side chain moiety (indicated by underlined signals in Tables 1 and 2 ). Enzymatic hydrolysis of 3 with cellu-lase and 4 with lactase gave the same genuine aglycone (3a) and an artifact (3b). Treatment of 3a with 1% Na 2 CO 3 followed by 2.5% CH 3 COOH gave 7,8-didehydrocimigenol (5a), suggesting that 3a was 24-O-acetyl-7,8-didehydrohydroshengmanol.
7) The 1 H-and 13 C-NMR spectra of 3b were similar to those of 1b, except for the side chain moiety, and the structure was formulated to be 3b (proacerinol). The ROE experiment, and the HMBC spectra of 3 and 4, to cimigenol and cimigol type structures. The structure of 3 is the same as that of 7,8-didehydro-24-O-acetylhydroshengmanol 3-xyloside, reported from C. heracleifolia, 14) but the reported data were very different from those of our compound 3. Therefore, we regard 3 as a new compound and confirmed the structure by chemical conversion of the aglycone (3a) to the known compound (5a) as mentioned above.
Compound 5, colorless needles, C 35 H 54 O 9 , and compound 6, colorless needles, C 35 H 54 O 9 , gave D-xylose and L-arabinose on acid hydrolysis, respectively. Enzymatic hydrolysis of 5 with cellulase and 6 with lactase gave the same genuine aglycone (5a), which was identified as 7,8-didehydrocimigenol by direct comparison with an authentic specimen.
7) The ROE experiment, and the HMBC spectra of 5 and 6, showed the presence of a 3-O-b-D-xylopyranosyl group and a 3-O-a-L-arabinopyranosyl gruop, respectively. Thus, the structures of 5 and 6 were respectively determined to be 14)
The ROE experiment, and the HMBC spectra of 7 and 8, showed the presence of a 3-O-b-D-xylopyranosyl group and a 3-O-a-L-arabinopyranosyl group, respectively. Thus, the structures of 7 and 8 were respectively determined to be 25-
Compound 9, colorless powder, C 35 H 56 O 10 , and compound 10, colorless powder, C 36 H 58 O 11 , gave L-arabinose and Dgalactose on acid hydrolysis, respectively. The aglycone was identified as 1a-hydroxycimigenol by comparison of the 1 H-and 13 C-NMR spectra with the reported data. 4) The ROE experiment, and the HMBC spectra of 9 and 10, showed the presence of a 3-O-a-L-arabinopyranosyl group and a 3-O-b-D-galactopyranosyl group respectively. Thus, the structures of 9 and 10 were respectively determined to be 1a-hydroxycimigenol 3-O-a-L-arabinopyranoside and 1a-hydroxycimigenol 3-O-b-D-galacto pyranoside.
Compound 11, colorless powder, C 38 H 58 O 11 , gave D-galactose on acid hydrolysis. The aglycone was identified as 23-Oacetyl-7,8-didehydroshengmanol by comparison of the 1 Hand 13 C-NMR spectra with the reported data. 7) The ROE exApril 1999 513 
Experimental
General The instruments used in this investigation were as follows: a Yanagimoto micromelting apparatus (for melting points, uncorrected); a JASCO DIP-1000 digital polarimeter (for specific rotation, measured at 25°C); a Perkin-Elmer 1720X-FT IR spectrometer (for IR spectra); a Hitachi M-80 spectrometer (for MS spectra); and a Varian Gemini-200, a varian Mercury-300, a JEOLa-400 and a Varian Unity-INOVA-500 instrument (for NMR spectra, measured in pyridine-d 5 solution containing a few drops of D 2 O, on the d scale using tetramethylsilane as an internal standard). Column chromatography was carried out on silica-gel (Wakogel C-200, 75-150 mm) and ODS-A (YMC, 60-400/230 mesh) columns. HPLC was carried out using a Gilson 305 pump equipped with a JASCO 830-RI detector. Silica-gel 60 F 254 (Merck) precoated TLC plates were used and detection was carried out by spraying with 40% H 2 SO 4 followed by heating.
Isolation of 1-17 Cimicifuga simplex was grown at the Experimental Station for Medicinal Plant Studies, Faculty of Pharmaceutical Sciences, Tohoku University for seven years and the underground parts were dried at 514
Vol. 47, No. 4 60°C in a drying room for several days. The powdered materials (200 g) were extracted three times with boiling MeOH (200 ml). After evaporation of the solvent, the extracts were dissolved in water (50 ml) and the mixture was extracted five times with EtOAc-n-BuOH (1 : 1, 100 ml). Fractions from the upper layer and water layer were treated as described in Fig. 1 : 3200-3600 (OH), 1720 (AcO). Tables 1 and 2 . 12 (30.2 mg) was also isolated by similar treatment of the underground parts of A. asiatica (60 g).
13, (t R 24Ј30Љ in con. A, 6.1 mg), was identified by comparison with the reported values.
14) 14 (t R 82Ј in con. D, 4.0 mg), 15 (t R 86Ј in con. D, 5.0 mg), 16 (t R 45Ј in con. C, 11.3 mg), and 17 (t R 50Ј in con. C, 10.0 mg) were identified by direct comparison with authentic specimens.
7)
Hydrolysis of 1, 3, 4, 5, 6 and 12 with Enzymes 1 (25.0 mg) was dissolved in MeOH (2 ml), and 0.03% AcOH (100 ml) was added with stirring. Cellulase T [ Amano] 4 (from Trichoderma viride, 300 mg) was added to the solution with stirring for 1 d at room temperature. The reaction solution was then shaken with EtOAc (100 mlϫ3) and, after washing the combined EtOAc layer with water and drying it over Na 2 SO 4 , the solvent was evaporated in vacuo. The residue was chromatographed on SiO 2 (12 g ) and eluted with Conversion of 3a to 5a 3a (5.3 mg) was dissolved in MeOH (1 ml), and 2% Na 2 CO 3 (1 ml) was added and the solution stirred for 2 h at room temperature. The solution was neutralized with 5% AcOH, and shaken with EtOAc (20 mlϫ3). The residue after removal of the solvent was dissolved in dioxane (1 ml) and 5% AcOH (1 ml), and stirred for 16 h at room temperature. After evaporation of the solvent in vacuo, the products were purified by recrystallization from MeOH to give 5a (4.3 mg), which was identified as 7,8-didehydrocimigenol by direct comparison with an authentic specimen.
Sugar Analysis of 1-11 1 (7.0 mg), 2 (1.5 mg), 3 (5.3 mg), 4 (5.0 mg), 5 (4.0 mg), 6 (11.6 mg), 7 (3.6 mg), 8 (3.4 mg), 9 (3.0 mg), 10 (1.5 mg), or 11 (1.5 mg) was dissolved in dioxane (0.5 ml), 3% HCl (1 ml) was added, and the solution was refluxed for 2 h. The reaction solution was diluted with water and extracted with EtOAc 1, 3, 5, 7, L-(ϩ)-arabinose from 2, 4, 6, 8, 9 , and D-(ϩ)-galactose from 10, 11.
Conversion of Cimicifugoside to 26-Deoxycimicifugoside (12) Cimicifugoside (54 mg) was dissolved in MeOH (50 ml), and NaBH 4 (80 mg) was added and the solution was stirred for 13 h at room temperature. The solvent was evaporated in vacuo and the residue was shaken with EtOAc-nBuOH-H 2 O (50 : 10 : 50) (110 mlϫ3).The residue from the upper layer was chromatographed on a SiO 2 column (18 g), and the eluate with CHCl 3 -MeOH (9 : 1) was subjected to HPLC [column, Cosmosil 10Ph (4.6 i.d.ϫ250 mm); solvent, MeOH-H 2 O-MeCN (10 : 10 : 3); elution rate, 1 ml/min; column temperature, 40°C] to provide 26-deoxycimicifugoside, which was identified by direct comparison with the isolated compound (12) .
